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I. INTRODUCTION
1. Object and Scope of Investigation
The objectives of the tests described in this bulletin were:
(a) To determine the static strength of lap joints and double-strap
butt joints, both types of joints to be of several rivet patterns, in order
that the relative merits of the various rivet patterns might be studied.
(b) To determine the effect of the temperature of the specimens when
tested on their strength and on their type of fracture.
(c) To compare the strength of the joints with various rivet patterns
as determined by test with the strength of the same joints as determined
by various design rules.
One of the most elaborate series of tests of riveted joints ever reported*
was made by Davis, Woodruff, and Davis in connection with the design
and construction of the San Francisco-Oakland Bay Bridge. In their
conclusions the authors state, "Nothing is gained by an attempt to detail
a tension member with a critical net area greater than about 75% of the
gross area." Engineers who discussed this paper cited the results of tests
showing joint efficiencies as high as 85 percent. It would seem, therefore,
that any further studies to be made of the efficiency of riveted joints
should have as their objectives: (1) the determination of the character-
istics of a riveted joint which affect its efficiency, and (2) the development
of a design rule by which the strength of a riveted joint can be computed
with a greater degree of accuracy and dependability than by the rules
now in use.
At a meeting of the Research Council on Riveted and Bolted Struc-
tural Joints in Cleveland on August 7, 1947, a program consisting of static
tests of 32 specimens, each containing a large riveted joint, was approved.
The present bulletin contains the results of the tests of these 32 specimens
in addition to the results of 6 tests previously made by M. Badir.t The
types of specimens tested include both double-strap butt joints and lap
* "Tension Tests of Large Riveted Joints," R. E. Davis, G. B. Woodruff and H. E. Davis,
Transactions ASCE, Vol. 105, p. 1193. 1940.
t Thesis submitted as a part of the requirements for the degree of Master of Science in Civil
Engineering, University of Illinois. 1947.
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joints.* The double-strap butt joints included specimens with six rivet
patterns; they were tested at temperatures of -20 deg, room tempera-
ture (approximately -±-80 deg), and +120 deg.t The lap joints included
seven rivet patterns. These were all tested at a temperature of approxi-
mately -20 deg.
This bulletin contains an analysis of the results both of the tests which
have been referred to in the previous paragraph and also of a number of
other tests reported in the engineering literature.
2. Specifications Governing Design of Riveted Tension Members
The specifications most generally used in the United States for the
design of steel bridges and steel buildings are (1) the American Railway
Engineering Association's Specifications for Steel Railway Bridges, (2)
the American Association of State Highway Officials Standard Specifica-
tions for Highway Bridges, and (3) the American Institute of Steel Con-
struction's Specifications for the Design, Fabrication and Erection of
Structural Steel for Buildings. All three of these specifications provide the
same general rule for computing the effective net section of riveted ten-
tion members. In the AREA specifications it reads as follows.
"The net section of a riveted tension member is the sum of the net sections of
its component parts. The net section of a part is the product of the thickness of the
part multiplied by its least net width.
"The net width for any chain of holes extending progressively across the part
shall be obtained by deducting from the gross width the sum of the diameters of
all the holes in the chain and adding, for each gage space in the chain, the quantity,
s
2
s = pitch of any two successive holes in the chain.
g = gage of the same holes.
"The net section of the part is obtained from that chain which gives the least
net width.
"For angles, the gross width shall be the sum of the widths of the legs less the
thickness. The gage for holes in opposite legs shall be the sum of the gages from
back of angle less the thickness.
"For splice members, the thickness shall be only that part of the thickness of the
member which has been developed by rivets beyond the section considered.
"The diameter of the hole shall be taken as %-in. greater than the nominal diam-
eter of the rivet.
"If the angles in tension are so connected that bending cannot occur in any direc-
tion, the effective section shall be the net section of the angle. If such angles are
connected on one side of a gusset plate, the effective section shall be the net section
of the connected leg plus % the section of the unconnected leg."
* The specimens designated as double-strap butt joints were not, in the strictest sense,
double-strap butt joints, but each specimen contained a joint which was equivalent to one-half of
a double-strap butt joint.
t Hereafter, temperatures are stated in degrees Fahrenheit unless otherwise specified.
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Another rule for the effective net section was presented by W. M.
Wilson in his discussion of the paper by Davis, Woodruff, and Davis
mentioned above.* This rule is given by the following equation.
DEffective net width (W,,) = (W, - ND) (1 + - ) X 0.85
in which
W, = gross width of the member,
D = nominal diameter of the rivet plus 1/s in.,
N = the number of rivet holes to be deducted,
G = transverse distance between rivets or twice the
edge distance, whichever is the greater.
"If rivets are omitted from the outer row, N and G shall be deter-
mined by the rivets in the outer row provided the pitch equals or exceeds
0.80 of the gage; otherwise the intervening rivets in the second row and
all of the rivets in the outer row will be considered in determining
N and G."
The wide difference between the strength of some riveted joints as
determined by tests and the strength of the same joints as computed from
specifications would seem to indicate that additional tests were needed
in order to develop a design rule which will give results more in keeping
with tests than any rule in current use.
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II. SPECIMENS AND APPARATUS
4. Description of Specimens
The program outlined by the Project II Committee consisted of six
groups of static tests, designated herewith as Groups I, II, III, IV, V, and
VI. The rivet patterns were the same for the corresponding specimens of
Groups I to IV, and are shown in Figs. 1 and 2. The rivet patterns for
the specimens of Groups V and VI are shown in Fig. 3.
Each specimen of Groups I and II consisted of one-half of a double-
strap butt joint connecting 16-in.-x-3 -in. rimmed-steel plates.* The
rivets were 7 in. in diameter, the holes were sub-punched and reamed,
and the edges of the plates were sheared, the tests being made with the
edges in the as-sheared condition except that the portion of the edges
corresponding to the lap of the plates was machined to facilitate measure-
ment of the slip of the joint. The specimens of Group I were tested at
room temperature, approximately 80 deg. Of the Group II specimens,
one was tested at +118 deg and the others at approximately -20 deg.
Each specimen of Groups III and IV consisted of one-half of a double-
strap butt joint connecting 16-in.-x-/ 2 -in. semi-killed universal mill
plates. The rivets were 3/4 in. in diameter, the holes were sub-punched
and reamed, and the edges of the plates were in the as-rolled condition.
The specimens of Group III were tested at approximately +120 deg
and the specimens of Group IV were tested at approximately -20 deg.
Each specimen of Groups V and VI consisted of a-lap joint connect-
ing 16-in.-x-1/2 -in. semi-killed universal mill plates of the same quality
as that used for the specimens of Groups III and IV. The rivets were
3/4 in. in diameter, the holes were sub-punched and reamed, and the edges
of the plates were in the as-rolled condition. The specimens were tested
at a temperature of approximately -20 deg.
The results of the tests of the specimens of Groups I to VI inclusive
are given in Tables 5-10 inclusive (pages 24-29.) These results are dis-
cussed in later sections (pages 22-49).
* For a discussion of rimmed and killed steels the reader may consult any one of a number
of metallurgical texts on steel making, such as "Modern Metallurgy for Engineers," by F. T. Sisco,
Pitman Publishing Co.
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Table 1
Chemical Compositon of the 3/4-in. Steel Plates-Specimens of Groups I and II
Sample Chemical Composition, percent
from
Specimen C Mn P S Si
F-1 0.24 0.49 0.009 0.033 0.005
F-2C 0.24 0.49 0.009 0.035 0.005
Table 2
Mechanical Properties of 3/-in. Plates of Riveted Butt Joints-
Groups I and II
Specimen Yield Ultimate* Elongation Reduction
No. Strength, Strength, in 8 in., in Area,
p. s. 1. p. . 1. percent percent
1A 31 400 61 600 32.8 54.4
2A 31 700 62 000 30.5 48.7
Average 31 550 61 800 31.7 51.6
*These values are for plates at room temperature. Extensive tests on 0.505-in.
round coupons at various temperatures indicate that the strength of carbon struc-
tural steel increases approximately 43 p. s. i. for each degree (F) reduction in
temperature.
Table 3
Chemical Composition and Mechanical Properties of 1/2-in. Universal Mill Plates
for the Riveted Joints of Groups III, IV, V, and VI; from Mill Reports
Chemical Composition, percent Mechanical Properties
Strength, p. s. i. Elongation
Material C Mn P S in 8 in., Bend
Yield Ultimate percent Test
Sx 16 U.M. .25 .44 .010 .035 38 620 68 200 26.00 O.K.
V3 x 16 U.M. .23 .52 .010 .033 37 500 62 280 28.00 O.K.
Y x 16 and
18 U.M. .22 .49 .016 .026 38 860 64 740 26.25 O.K.
½ x 18 U.M. .27 .50 .016 .030 40 170 67 930 27.50 O.K.
5. Properties of Plate Materials
The critical part of the specimens of Groups I and II is the central
3/4-in. steel plate. The chemical composition of this plate as determined
by an analysis of shavings cut from the plate is given in Table 1. This
analysis, together with a metallurgical examination, indicated that the
steel was a good quality of rimmed steel. The mechanical properties of
this steel as determined by laboratory tests of standard flat coupon
specimens cut from the same parent plate as the plates of the riveted
joints are given in Table 2.
The chemical composition, from mill reports, of the 1/2-in. universal
mill plates from which the specimens of Groups III, IV, V, and VI were
made is given in Table 3. This table indicates that the plates from the
various heats had very nearly the same composition; however, the me-
chanical properties of the plates as given by the mill report, also re-
ported in Table 3, indicate that the various plates differed considerably
in strength. For this reason, small coupon specimens were cut from the
fractured plate of each joint, and the mechanical properties of the steel
were determined from tests of these coupons. Each coupon was cut from
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a portion of the plate of the riveted joint that had not been stressed to
the yield point during the test, so that the results represent the properties
of the plate before the specimen was tested.
The properties of the 1/2-in. universal mill plates of the specimens
of Groups III, IV, V, and VI, determined in the manner described in
the previous paragraph, are given in Table 4.
Mechanical Properties of PI
Sample Cut rB[Ji t Yield
from Strength,
Specimen p. s. i.
Specimens of G
A-3
A-4 36 150
B-3 34 400
B-4 34 700
C-3 33 800
C-4 32 600
D-3 36 000
D-4 36 300
E-3 34 800
E-4 33 700
F-3 34 100
F-4 33 900
C-ll 36 000
C-12 39 750
D-11 37 000
D-12 36 650
F-11 39 100
F-12 37 950
Specimens
H-11 34 300
H-12 35 700
J-11t 39 100
J-12t 36 700
K-11 37 500
K-12 36 700
L-11 38 000
L-12 37 750
Table 4
ate Material; from Tests of Coupons Cut from Low-Stressed
Portions of Tested Specimens
2-in. Gage Length
Ultimate
Strength,
p. s. i.
iroups III, IV, and
65 300
64 900
64 400
64 100
64 100
64 000
64 000
65 800
64 000
64 300
64 700
64 600
65 200
65 800
64 900
65 000
65 200
64 800
of Group VI: 2-
64 400
63 500
69 000
67 500
64 600
64 100
64 800
64 500
Reduction Elongation
in Area, in 2 in.,
percent percent
V: Y-in. Universal Mill Plate
63.0 38.0
63.0 37.0
63.5 38.5
61.0 39.0
60.6 40.0
63.3 37.5
64.4 35.0
63.8 35.0
63.1 40.0
63.1 41.0
63.4 40.0
62.5 40.0
62.8 40.0
62.3 39.0
63.8 36.5
63.8 38.0
62.0 36.5
62.8 39.0
55.4
62.6
61.1
60.6
63.6
63.1
62.4
62.1
*Failed through gage holes.
tThese were replacement specimens required because of an error in the fabrication of the original
specimens.
6. Description of Apparatus
The specimens were tested in a 600,000-1) Riehle screw-type testing
machine. A pin-connected pulling head was attached to each end of
the specimen to insure centric loading. A specimen with pin-connected
ends is shown in Fig. 4. The load was applied in increments of from
25,000 lb to 50,000 lb with the head of the testing machine moving at a
speed of 0.05 in. per min.
The temperature of the specimen was controlled with the cooling sys-
tem shown in Fig. 5. This cooling system consists of the following essen-
tial parts: (1) two flat copper cooling tanks, one on each side of the
specimen at the joint; (2) a circulating system consisting of a tank,
Size of
Specimen
Plate, in.
ýx 16
Yx 16
Sx 16
i x 16
/x 16
Yx 16
½x 16
½x 16
½x 16
½ x 16
Yx 16
½x 16
½x 16
Sx 16
½x 16
Sx 16
Yx 16
Yx 16
%,x 18
Yx 18
½x 18
½x 18
M x 18
½x 18
Mx 18
½ x 18
U i 
l Mill 
Pl
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circulating pump, and the connecting pipes. Because the rivet heads
projected beyond the surfaces of the steel plates and prevented the cop-
per cooling tanks from being in direct contact with the plates of the
specimen, aluminum filler strips, narrow enough to fit between adjacent
transverse rows of rivet heads, were placed between the cooling tanks
Fig. 4. 600,000-lb Riehle Screw-Type Testing Machine
and the plates of the riveted joints (Fig. 5). The temperature of the
specimen was determined by thermocouples soldered to the specimen
near the critical section. The thermocouples were soldered to the middle
plate of a butt joint and to one of the two plates of a lap joint. The cir-
culating medium was either heated or cooled, depending on whether the
specimen was to be tested at a temperature above or below the tem-
perature of the air.
0 0 0 * 0 * 0
* -2?°F
O 0 0 0 0
All// thermocouples mounted on center p/ate,
Four-foot cooling tanks used and centered
on jo/nk.
0 0 0 0 0
Fig. 5.
Tentperature
Control
System
Fig. 6.
Simultaneous
Temperatures oa
Various Points
of Specimen F-2
,-/9°r.
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Cooling tanks 4 ft long were used for the test of Specimen F-2, which
is a butt joint. The temperature of the middle plate (see Fig. 6) was
found to be so uniform over the length of the joint that it was decided
that a tank 2 ft long would be long enough for subsequent tests of butt
joints. However, because of the greater length of the joint, cooling
1ig. 7. Double-Strap Butt Joint Specimen with Cooling Tanks in Place
tanks 4 ft long were used in testing the lap joints. Figure 7 shows a
2-ft cooling tank on a butt joint, and Fig. 8 shows a 4-ft cooling tank
on a lap joint. No difticulty was experienced in bringing a specimen
quickly to a desired temperature or in holding the temperature fairly
constant once the desired temperature had been obtained.
Ery ice in a solvent bath was used as the cooling agent in obtaining
a low temperature, and a steam-and-water bath was used as the heating
agent in obtaining a high temperature.
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The slip between the middle plate and the outside plates of the
specimens of Group I was measured with a Berry strain gage at both
edges of the specimen and at all four transverse rows of rivets-an in-
volved procedure that required considerable tinme. For the specimens of
the other groups the slip was measured with mechanical dial gages at-
Fig. 8. Lop Joint Specimen with Cooling Tanks in Place
tached as shown in Fig. 9. The dials were mounted in such a manner that
a change in the dial reading indicated the slip between the plates on a
transverse line through the centers of the rivets. Dials were mounted on
both edges of the specimen. For the butt joints of Groups II, III, and
IV the dials were so mounted as to give the slip on the transverse
section through the outside row of rivets, the section which is subjected
EFFICIENCY OF RIVETED JOINTS CONNECTING PLATES
Fig. 9. Mechanical Dial Gage Mounted on Edge
of Specimen for Slip Measurements
to the full load. For the lap joints the dials were so mounted as to give
the slip on both of the outside transverse rows of rivets. The values of the
slip reported for a specimen are the averages for the two edges of
the specimen and for the outside transverse row or rows of rivets for the
butt and lap joints respectively.
III. RESULTS OF TESTS
7. Characteristics of Specimens
The distinguishing characteristics of the four groups of double-strap
butt-joint specimens that have been tested in connection with the present
investigation are as follows.
GROUP I. Double-strap butt joints connecting 16-in.-x-3/-in.
rimmed-steel plates with /s-in. rivets were tested at room temperature,
approximately 80 deg. The edges of the plates were originally sheared
and the rivet holes were sub-punched and reamed. For the specimens of
Groups I and II, however, the edges were milled to facilitate measuring
the slip of the joints. This milling was not extended beyond the outside
row of rivets for the specimens of Group I, but was extended over the
full length of the specimens of Group II except for D-2, F-2A, and
F-2B. The details of the specimens are shown in Fig. 1.
GROUP II. This was the same as Group I except for the condition
of the edges of the main plates and for the temperature of the specimens
when tested. One was tested at +118 deg, the others at approximately
-20 deg.
GROUP III. Double-strap butt joints connecting 16-in.-x-1 2 -in.
universal mill semi-killed steel plates with 3/-in. rivets were tested at
approximately +120 deg. The edges of the plates were in the as-rolled
condition, and the rivet holes were sub-punched and reamed. The details
of the specimens are shown in Fig. 2. The rivet pattern is the same as for
the specimens of Groups .1 and II.
GROUP IV. This was the same as Group III except for the tem-
perature (approximately -20 deg) of the specimens when tested.
The distinguishing characteristics of the two groups of lap joints are
as follows.
GROUP V. Lap joints connecting 16-in.-x-/-in. universal mill semi-
killed steel plates with 3/%-in. rivets were tested at approximately -20
deg. The edges of the plates were in the as-rolled condition, and the rivet
holes were sub-punched and reamed. The details of the specimens are
shown in Fig. 3a.
GROUP VI. This was the same as Group V except for the plate
width and for the rivet pattern. The details of the specimens are shown
in Fig. 3b.
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8. Location and Character of Fracture of Plates of Riveted Joints
The portions of the fracture of the plates of the riveted joints that
were of a cleavage type and of a shear type are indicated in terms of
percentages in the last two lines of Tables 5-10 inclusive. Generally,
specimens tested at the lower temperatures broke with a fracture that
was predominantly of a cleavage type, and specimens that were tested
at temperatures of the order of +120 deg broke with a fracture that was
predominantly of a shear type. Specimens that were tested at room
temperature, approximately 80 deg, generally broke with a fracture that
was partly of a shear type and partly of a cleavage type. However, there
were exceptions to this last statement. One specimen, B-1 of Table 5,
was tested at room temperature and broke with a fracture that was
approximately 99 percent of a cleavage type and 1 percent of a shear
type. Two other specimens listed in Table 5, A-1 and C-1, were tested at
room temperature; both broke with a fracture that was 100 percent of
a shear type.
The appearance of typical cleavage and shear fractures is shown by
Figs. 10 and 11. A cleavage-type fracture of Specimen A-2, tested at
-12 deg, is shown in Fig. 10; a shear-type fracture, Specimen B-3, tested
at +118 deg, is shown in Fig. 11.
The fracture of Specimen D-2, shown in Fig. 12, is very unusual. The
specimen is a double-strap butt joint connecting 3%-in. plates. Failure
was expected on the transverse section through the end row of rivet holes.
Instead, the primary fracture did not pass through any of the rivet
holes. The herring-bone pattern of the fracture surface indicated that
failure originated at the right edge of the upper plate, as seen in the
top figure. The right edge where the fracture originated was in the as-
sheared condition, and the combination of the rimmed steel, sheared
edge, and low temperature apparently made the edge susceptible to a
cleavage fracture, and at a load less than the load required to break the
plate through the rivet holes. Because of the unusual circumstances just
described, the results of this test were not included in studying the effect
of the rivet pattern on the strength of the plates of a riveted joint (Sec-
tion 12).
The behavior of Specimen F-2A, tested at -22 deg, was also very
unusual. It is a double-strap butt joint that was expected to fail through
the outside transverse row of rivet holes where the net section is only
H as great as the gross section. Instead, it broke near the butt weld by
which it was connected to the upper pulling head, as shown in Fig. 13. The
portion of the plate adjacent to the weld was cut out, and the specimen
was again welded to the pulling head. The resulting specimen, designated
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Fig. 10. Location and Character of Fracture: Specimen A-2, Tested of -12 deg F
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Fig. 11. Location and Character of Fracture: Specimen B-3, Tested at 124 deg F
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Fi!. 12. Location and Character of Fracture: Specimen U-Z, lested at -ZU deq I-
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Fig. 13. Location and Character of Fracture: Specimen F-2A, Tested at -22 deg F
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Fig. 14. Location and Character of Fracture: Specimen F-2B, Tested at -20 deg F; Failure
Through Buff Straps
as F-2B, was then tested at -20 deg. Instead of breaking in the single
/4-in. middle plate, it broke in the two 1%-in. butt straps where the
total section was 11/j times the section of the center plate. The butt strap
on the near side of Fig. 14a broke through the holes for the bolts that
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Fig. 15. Location and Character of Fracture: Specimen F-2C, Tested at -21 deg F
connected the specimen to the pulling plate, and the far butt strap
broke on a section where there were no holes. The fracture, shown in
Fig. 14b, originated at the edge of the plate, which was in the as-sheared
condition. The specimen was again repaired by welding and, now desig-
nated as F-2C, was again loaded. Failure occurred in the middle plate
on a transverse section through the first row of rivet holes, where the
edges of the plate had been machined, as shown in the upper part of
Fig. 15. The maximum load, 653,000 lb, exceeds by a considerable amount
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the product of the net section and the original coupon strength of the
plate material. This excess strength is attributed to an increase in the
strength of the steel due to the aging of the metal that had been stressed
beyond the yield point and then stored in the laboratory for several weeks.
This increase in strength was, however, accompanied by a decrease in
the ductility of the steel. Because of the unusual conditions in connection
with this test, this specimen also was excluded from the study of the
relation between the rivet pattern and strength of the joints.
Tables 7 and 8 indicate that the shear type of fracture predominates
for Specimens A-3, B-3, C-3, D-3, E-3 and F-3, which were tested at
approximately +120 deg. The cleavage type of fracture predominates
for Specimens A-4, B-4, C-4, D-4, E-4 and F-4, which were tested at
approximately -20 deg.
For the lap-joint specimens of Groups V and VI the percentage of
the fracture that was of a cleavage type and the percentage that was of
a shear type are given in lines 14 and 15 of Tables 9 and 10. All these
lap-joint specimens were tested at a temperature of approximately
-20 deg. As for the double-strap butt joints, the fractures of the speci-
mens tested at -20 were predominantly of a cleavage type.
9. Relation Between Temperature of Specimen and Its Efficiency: Double-
Strap Butt Joints
The specimens of Groups I, II, III and IV were double-strap riveted
butt joints. The specimens of Groups I and II, detailed in Fig. 1, were
identical except that the specimens of Group I were tested at room tem-
perature, whereas the specimens of Group II, except B-2, were tested at
approximately -20 deg. Specimen B-2 was tested at +118 deg. Like-
wise, the specimens of Groups III and IV, detailed in Fig. 2, were iden-
tical except that the specimens of Group III were tested at approxi-
mately +120 deg and the specimens of Group IV were tested at
approximately -20 deg. The results of the tests of these four groups
of specimens have been used in a study to determine the effect of the
temperature of a double-strap riveted butt joint on its efficiency, the
efficiency being the ultimate strength by test, divided by the product
of the unit coupon strength of the plate and its gross section. Here and
elsewhere, the efficiencies are based on the coupon strength at room tem-
perature.
The diagrams of Fig. 16 show the efficiency of the joints of Groups
I, II, III, and IV. The specimens of Groups I and II were fabricated of
3/-in. rimmed-steel plates, and the corresponding specimens of Groups
III and IV were fabricated of 1-in. semi-killed steel plates.
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The reader is asked to consider first the diagrams for the specimens
of Groups I and II. As indicated in Section 7, the fractures of Specimens
D-2 and F-2 of Group II were so abnormal that they have not been con-
sidered in this study. Of the two specimens with an A-type of rivet
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Fig. 16. Relation Between Temperature and Efficiency
of Riveted Joints Connecting Plates: Double-Strap
Butt Joints
pattern, the fracture was 90 percent cleavage for the Group II Speci-
men A-2 tested at -12 deg, but there was no cleavage in the fracture
of the Group I Specimen A-1 tested at room temperature. The A-2 speci-
men tested at -12 deg, which had 90 per cent cleavage in the fracture,
was slightly stronger than the A-1 specimen, but the difference was not
great. Of the two specimens with a B-type of rivet pattern, Specimen
B-1, which broke with a 99 percent cleavage fracture when tested at
room temperature, was slightly stronger than Specimen B-2, which broke
with a 100 percent shear fracture when tested at +118 deg.
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Of the two specimens with a C-type rivet pattern, C-1, tested at room
temperature, had an all-shear fracture, whereas C-2, tested at -20 deg,
had a 98 percent cleavage fracture. Nevertheless, the two identical speci-
mens tested at widely differing temperatures and having widely differ-
ing types of fracture had almost exactly the same efficiency. One of the
two specimens with an E-type of rivet pattern, E-1, tested at room tem-
perature, had a 50 percent cleavage fracture, whereas E-2, tested at
-22 deg, had a 95 percent cleavage fracture. Here also the two identical
specimens tested at widely differing temperatures had almost exactly
the same efficiency. However, of the two specimens with an A-type rivet
pattern, the one tested at the lower temperature had a somewhat greater
strength than the one tested at the higher temperature. A similar state-
ment can be made concerning the two specimens with a B-type rivet
pattern. It would seem therefore that for the Group I and Group II
specimens (double-strap butt joints connecting 3%-in. rimmed-steel
plates) the increase in the temperature of the plates when tested was
accompanied by a slight decrease in the efficiency of the joint in two
instances and had no apparent effect in two other instances.
The specimens of Group III were identical with the corresponding
specimens of Group IV, but the specimens of Group III were tested
at approximately +120 deg and the specimens of Group IV were tested
at approximately -20 deg. Moreover, the specimens of Groups III and
IV were identical with the specimens of Groups I and II except that
for the former the plates were semi-killed 12-in. universal mill plates
with the edges in the as-rolled condition, whereas for the latter the plates
were 3/4-in. rimmed-steel with edges machined. Furthermore, /%-in.
rivets were used for the former, 7/s-in. rivets for the latter.
The efficiencies of the specimens of Groups III and IV are shown
by the lower group of diagrams of Fig. 16. Except for the specimens
with Type F rivet pattern, the efficiency of the joints was of the order
of 10 percent greater for tests at -20 deg than at +120 deg. This greater
strength was accompanied by a lower ductility, as indicated by the
large amount of cleavage in the fracture of the specimens tested at the
lower temperature.
In considering the effect of the temperature of the plates of riveted
joints on the efficiency of the joints, the fact should be borne in mind
that, for steel in the form of coupon specimens free of stress-raisers, the
strength is appreciably greater at -20 deg than at +120 deg.
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Fig. 17. Relation Between Rivet Pattern and Efficiency
of Riveted Lap Joints: Groups Y and VI; Temperature of
Specimens Approximately -20 deg F
10. Relative Strength of Double-Strap Butt Joints and Lap Joints
The tests of Groups V and VI were planned to determine the strength
of lap joints with various rivet patterns. The details of the specimens are
shown in Fig. 3. The temperature of all specimens when tested was ap-
proximately -20 deg. The tests were made in duplicate; the results are
given in Tables 9 and 10. The efficiencies of the individual tests are
shown by the full lines of Fig. 17, and the averages of the results from
two identical specimens of each of Groups V and VI are shown by the
broken lines.
The lap joints of Group V were identical with the double-strap riveted
butt joints C, D, and F of Group IV in five respects-rivet pattern in the
outside row, kind of steel, size of rivets, methods of fabrication, and
ILLINOIS ENGINEERING EXPERIMENT STATION
temperature when tested. The results of the Group IV tests are shown
by the upper diagram of the lower part of Fig. 16. This diagram and the
dotted-line diagram for Group V, Fig. 17, are reproduced as Fig. 18.
The full line of Fig. 18 represents the strength of the double-strap butt
joints of Group IV; the dotted line of the same figure represents the
strength of the lap joints with the same rivet pattern. Unfortunately,
only the C, D, and F rivet patterns were common to the two types of
joints. For the rivet patterns common to the two types of joints tested
41
,tJ _
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Fig. 18. Relative Strength of Lap Joints and Double-Strap Buff Joints:
12-in. Universal Mill Plates with Edges in As-Rolled Condition;
Temperature of Specimens, -20 deg F
at approximately -20 deg the lap joint was slightly stronger than the
corresponding double-strap butt joint for all three rivet patterns for
which data were obtained. However, the difference is not significant
except possibly for the F type of specimen.
11. Relation Between Load and Slip Between Plates of Riveted Joints
The slip between the plates of the riveted joints that took place dur-
ing the tests was measured at both edges of the specimen at each of the
various load increments. This slip was measured at each transverse row
of rivets for all specimens of Group I except Specimen A-1. These were
double-strap butt joints tested at room temperature. For the double-
strap butt joints of Groups II, III, IV the slip was measured on the
outside transverse row of rivets only, the section on which failure was
likely to occur. For the lap joints of Groups V and VI the slip was
measured at both edges and on both outside transverse rows of rivets,
the two sections at which failure was equally liable to occur. For all
groups the values of the slip reported are the averages for the correspond-
ing points at the two edges of the specimen.
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Fig. 19. Slip Between Plates of Specimen D-1 for All Rows of Rivets
The load-slip diagrams for all specimens of Group I were similar to
those of Specimen D-1 (Fig. 19). As was to be expected, for every type
of rivet pattern the slip was greatest on the first row of rivets (row 1
in the figures), decreased successively to the third row of rivets, and
then increased sligthly to the fourth, or last, row.
The slip on the first row of rivets for Specimens B, C, D, E, and F
of Group I is shown by the diagrams of Fig. 20a. Since the diagrams
of Fig. 19 indicate that most of the slip occurred between the first and
second rows of rivets, the slip between the two outer rows of rivets at
a given load would be expected to decrease with an increase in the
number of rivets in the first row, and the total slip at the outer row of
rivets would also be expected to decrease in the same order. Actually,
as shown by the diagrams of Fig. 20a, the slip at a load of 475,000 lb
decreased from one rivet pattern to another in the order B to D to C
to E to F (data for Specimen A are not available) as expected. At a
load of 525,000 lb the slip was slightly greater for E and for C.
The relation between the load and the slip in the outer row of rivets
is given in Figs. 20a and 20b for Groups I and II, and in Figs. 20c and 20d
for the specimens of Groups III and IV. The rivet patterns for the speci-
mens of Groups III and IV, detailed in Fig. 2, are identical with the
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rivet patterns of the specimens of Groups I and II, detailed in Fig. 1.
However, the specimens of Groups I and II had 3%-in. plates and 7%-in.
rivets, whereas the specimens of Groups III and IV had 1 -in. plates
and 3/-in. rivets.
The details of the lap joints of Groups V and VI are shown in Fig. 3.
The relation between the load and the slip at the outer row of rivets
for these groups of specimens is shown by the diagrams of Figs. 20e and
20f. Although the number of rivets in the first row varies from two to six,
the load-slip curves for the joints having the same gross area are similar.
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12. Relation Between Efficiency of Specimens as Determined by Tests and
by Design Rules
The principal purpose of the investigation described in this bulletin
was to study the accuracy of design rules (see Section 2) which are used
to determine the effective net area of riveted tension members.
The specimens discussed in the following paragraphs are Groups I
to VI inclusive. The details of these specimens are shown in Figs. 1, 2,
and 3; the results of the tests are given in Tables 5-10.
The efficiency of the joints for which the tests have been described
in the previous sections has been computed by the AREA and the Wilson
design rules. The efficiency as computed by these rules will be compared
with the efficiency as determined by the tests, the efficiency by test being
the ultimate strength by test divided by the product of the unit coupon
strength of the plate and its gross section. The coupon strength of the
plates from which the various groups of specimens were fabricated is
given in Tables 2 and 4. These coupon strengths were obtained from tests
at room temperature.
Figure 21 shows the efficiency of the joints as determined by the tests
and as determined by the two design rules. The diagrams of Fig. 21a
are for the specimens of Groups I and II; the diagrams of Fig. 21b are
for the specimens of Groups III and IV. The rivet patterns are the same
for the corresponding specimens of the four groups, there being six rivet
patterns (designated as A, B, C, D, E, and F) for each group. The dia-
grams of Fig. 21c are for the specimens of Groups V and VI.
Group I. All tests were made at room temperature, approximately
80 deg. For rivet patterns B and C the values of efficiency were greater
as computed by both rules than by test, but the difference was greater
for values computed by the AREA rule than for values computed by the
Wilson rule. For rivet patterns A and E the two computed values and
the value by test are in fair agreement, the value by test being inter-
mediate between the values computed by the two design rules. For rivet
pattern F the value by test exceeded both computed values, the discrep-
ancy being greater for the AREA rule than for the Wilson rule. For
rivet pattern D, the value by the AREA rule and the value by test agree
closely but the value by the Wilson rule is considerably less than the value
by test.
Group II. Group II differs from Group I only in the temperature at
which the specimens were tested.* For rivet pattern A the value of effi-
* Static tests of standard 0.505-in. round coupon specimens of carbon structural steel indi-
cate that a 1-deg increase in temperature of the steel is accompanied by a reduction in the
static strength of approximately 43 p.s.i.-University of Illinois Engineering Experiment Station
Bulletin 388, "Cleavage Fractures of Ship Plates," by W. M. Wilson, R. A. Hechtman and
W. H. Bruckner.
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ciency by test is greater than the values by the two design rules, the
difference being greater by the Wilson Rule than by the AREA rule.
For rivet patterns B and C, the values computed by both rules exceed the
value by test, the discrepancy being greater by the AREA rule than by
the Wilson rule. The value by test is not available for rivet patterns
D or F. For rivet pattern E, the value by the Wilson rule and the value
by test agree closely, but the value by the AREA rule is somewhat less
than the value by test.
Group III. For Group III, l-in. universal mill plates tested at 120
deg, the values of efficiency by both rules slightly exceed the corres-
ponding values by test for all rivet patterns. This can be attributed, at
least in part, to the fact that the strength of steel is less at 120 deg
than at 70 to 80 deg.* The discrepancy is greater by the AREA rule
than by the Wilson rule for rivet patterns A, B, C and D and is greater
by the Wilson rule than by the AREA rule for rivet patterns E and F.
Group IV. The specimens of Group IV were identical with those of
Group III except for the temperature of the plates when tested. The
specimens of Group III were tested at +120 deg, those of Group IV at
-20 deg. As shown in Fig. 211, the values of efficiency by both rules and
by test are in fair agreement for all rivet patterns of Group IV. However,
for rivet pattern F the value by test was somewhat smaller, and for rivet
pattern E somewhat larger, than the value by either design rule.
Groups V and VI. The specimens of Groups V and VI were lap
joints connecting 1/-in. universal mill plates with 3/4-in. rivets. The rivet
patterns differed for the two Groups. All specimens of both series were
tested at approximately -20 deg. The tests were made in duplicate, the
two specimens of each pair (C-11 and C-12, D-11 and D-12, H-11 and
H-12, etc.) being identical. The results of the tests are shown in Fig. 21c,
the values for Group V being given in the upper part of the figure and
for Group VI in the lower part.
The values of the efficiency by both rules and by test agree fairly
well for all specimens of Group V except Specimen F-12. Moreover, the
results of tests of duplicate specimens agree closely for all specimens
except those having rivet pattern F. Specimen F-12 was somewhat
stronger than F-11.
For Group VI the values of efficiency by test and by rules differed
greatly for rivet pattern K, the values by test being very much smaller
than those by both design rules. Moreover, the values of efficiency by
* Static tests of standard 0.505-in. round coupon specimens of carbon structural steel indi-
cate that a 1-deg increase in temperature of the steel is accompanied by a reduction in the static
strength of approximately 43 p.s.i.-University of Illinois, Engineering Experiment Station Bulle-
tin 388, "Cleavage Fractures of Ship Plates," by W. M. Wilson, R. A. Hechtman, and W. H.
Bruckner.
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test differed considerably for the two identical specimens of rivet patterns
H, K, and L.
The diagrams of Fig. 21 show that in some cases the three values
of efficiency for a specimen-by test, by Wilson design rule, and by
AREA design rule-differ considerably. Moreover, the diagrams in-
dicate that, at times, identical specimens tested at the same temperature
showed a considerable variation in efficiency by test. For example (Fig.
21c), the efficiency by test was 12 percent greater for K-11 than for the
identical specimen K-12, tested at the same temperature. Similar state-
ments can be made about the strengths of the identical H-11 and H-12
specimens and the identical L-11 and L-12 specimens. The L specimens
had six longitudinal lines of rivets, the K specimens only five. Never-
theless the L specimens with six rivet holes out of the critical section had
a 25 percent greater efficiency by test than the K specimens of the same
width with only five rivet holes out. The computed values of the efficiency
as determined by both the Wilson rule and the AREA rule give a greater
efficiency for the K specimens than for the L specimens-just the reverse
of that given by the tests.
A number of comparisons have been made of the information shown in
Figs. 1-3 to demonstrate the fact that the strength of plates connected
with riveted joints is not entirely a function of the rivet pattern. These
comparisons are presented in the following paragraphs for Groups I to VI
inclusive.
Groups I and II (Fig. 1). Although the A and B specimens would
be expected to have the same net area, the effective net area by test (at
80 deg) was 8 percent greater for the A specimens than for the B speci-
mens.
According to the design rules, four rivet holes should be deducted
for the E specimens and only two for the B specimens. Nevertheless, the
strength by test was greater for the E specimens than for the B specimens.
Five rivet holes should be deducted for the F specimens and two each
for the D and B specimens. However, the average effective net area by
test was 9.85 sq in. for the F specimen, 9.42 sq in. for the D specimen, and
8.76 sq in. for the B specimen. That is, the specimen with five rivet holes
out of the critical section was stronger than the specimens with only two
rivet holes out of the critical section.
Groups III and IV (Fig. 2). The design rules indicate that two
rivet holes should be deducted for the A and B specimens and four for
the E specimens, but all three types have almost the same average effec-
tive net area by test. This is somewhat different from the results obtained
for the specimens of Groups I and II.
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Group V (Fig. 3). For specimens F, C and D the number of rivet
holes to be deducted at the critical section is five, three, and two respec-
tively; the corresponding average effective net areas are 6.23 sq in., 6.80
sq in., and 7.07 sq in. For this group the values of effective net area by
test and by design rules are in fair agreement.
Group VI (Fig. 3). The H specimens had four rivets in the outer
row and the J specimens had three; nevertheless, the average effective
net area by test was the same for the two specimens.
For the L specimens with six rivets at the critical section the effective
net area by test (6.84 sq in.) was only slightly less than for the H and J
specimens with four and three rivets respectively, and considerably more
than the 5.61 sq in. for the K specimens with five rivets at the critical
section.
As stated at the beginning of this section, the object of these compari-
sons is to emphasize the facts that the effective net area or efficiency
by test cannot be predicted accurately and that the ultimate strength is
not necessarily a direct function either of the transverse distance between
rivets in the outer row or of the net area of the section on which fracture
occurs. To emphasize this fact still further, the data given in Tables
5-10 have been used to determine the diagrams of Fig. 22, which shows
the relation between the transverse distance between rivets and the
efficiency of the joints at a temperature of approximately -20 deg and
temperatures varying from 80 to 120 deg respectively. In both diagrams
the solid curved line represents the relation between the efficiency of the
joint and the transverse distance between rivets as shown by the AREA
rule; the horizontal straight lines represent a constant efficiency of 75
percent for joints with a transverse distance between rivets varying from
3 in. to 12 in. It is believed that the results of the tests at both tempera-
tures are represented almost as well by a horizontal line as by the curved
line determined from the AREA rule.
Certainly, as demonstrated by Fig. 22b, the high efficiencies indicated
by the design rules cannot be attained by using a wide spacing of the
rivets in the outer row.
IV. ANALYSIS OF PREVIOUS TESTS
The tests described in the previous chapters were planned by the
Project II Committee of the Research Council on Riveted and Bolted
Structural Joints. A large number of other tests reported in the engineer-
ing literature, which can also be used in this study, are described briefly
in this chapter.
13. Watertown Arsenal Tests *
During the years 1895 and 1896 a number of tests were made at the
Watertown Arsenal on riveted joints which represented the type of
joints used in steam boilers at that time. These tests were all made at
room temperature except the test on Specimen 8508, which was made
at +410 deg.
(a) Description of Specimens. The specimens were fabricated from
plates known as "Coatsville, Pennsylvania Firebox 55,000." A number
of coupon specimens were cut from the main plates. These coupons varied
in width from 2 in. to 16 in. In the interpretation of the test results this
difference in width was not taken into account. However, the coupons of
various widths had very nearly the same strength.
The details of the various riveted specimens are shown in Fig. 23.
The main plate of each of these specimens was 1/2 in. thick, the rivets were
7/ in. in diameter, and'the rivet holes were all J'-in. drilled holes.
Although the specimens for this program were considered as butt-
type joints, the butt straps on the two sides of a specimen had different
lengths. This difference produces a condition of loading at the first row of
rivets which is probably somewhere between that of a lap joint and a butt
joint.
The location of the fracture is indicated in the figure which gives the
details of the specimen. The rivets that failed are indicated by the solid
circles. As shown in these figures, the specimens all failed in one of
the main plates; in addition, several of the rivets also failed.
* Tests of Metals, pp. 245-275. Government Printing Office, 1897.
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(b) Results of Tests. A summary of the results of the Watertown
Arsenal Tests is given in Table 11; it presents the coupon strength, the
ultimate load, the efficiency of the joint by test, and the effective net area
as determined by the two design rules previously described in this report.
The values of the effective net area as determined by test have been
determined from the strength of the riveted joint and the strength of the
coupons.
Q.
i1.
Rivet Pattern (410F.)
Fig. 24. Efficiencies of Joints in Percent as Determined by Tests and by Design Rules:
Watertown Arsenal Tests
(c) Efficiency by Tests and by Design Rules. The values of the effi-
ciency of the specimens, as determined by the tests and by the design
rules, are given in Fig. 24. The largest discrepancy in the values occurs
for Specimen 9375. For that specimen the value of the efficiency as de-
termined by the AREA rule is 10 percent greater than the values as
determined by the test and as determined by the Wilson rule. Another
difference may be noted for Specimen 8508, which was tested at +410
deg. For that specimen the design rules give an efficiency which is less
than that obtained from the test. This is all the more surprising in view
of the high temperature at which the specimen was tested,* and the wide
spacing of the rivets.
For the other specimens (Fig. 24) the values of the efficiency as deter-
mined by the tests and by the two design rules agree fairly well.
* See footnote, page 45.
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Fig. 25. Specimens, U. S. Navy Tests
14. U.S. Navy Tests *
In 1926, E. L. Gayhart of the Bureau of Construction and Repair of
the U.S. Navy Department reported on the results of a series of tests of
riveted joints fabricated of medium steel, high-tensile steel, and special-
treatment steel. These tests were all conducted at room temperature and
on joints having seven different rivet patterns.
The results of the tests of specimens fabricated of the medium steel are
presented in the following sections.
(a) Description of Specimens. The details of the specimens, as re-
ported in Commander Gayhart's paper, are given in Fig. 25. The main
plate material of these specimens consisted of 30-lb plate, approxi-
mately 3/4 in. thick; the strap plates were of 20-lb material, approxi-
mately 1/2 in. thick; and the rivets were 1 in. in diameter. A total of
* "An Investigation of the Behavior and of the Ultimate Strength of Riveted Joints Under
Load," by E. L. Gayhart, Transactions, Society of Naval Architects and Marine Engineers, Vol.
34, p. 55. 1926.
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seven types of specimens were tested, each type being tested in triplicate.
Although, as stated above, tests were made of specimens fabricated of
three kinds of steel, only the results of the tests on the medium steel
specimens have been used in the study presented herein.
(b) Results of Tests. A summary of the results of the Navy Tests
is given in Table 12, and presents the coupon strength and the ultimate
load for each type of specimen. The ultimate strength as given is the
average value for the tests of three identical specimens. The table also
contains values of the effective net area as determined by the various
rules, and the effective net area and the efficiency of the joints as deter-
mined from the tests.
/00
90
go
k,
80
60
Test .. E.A. Rule
Each test va/ue is the average from three tests.
Double Strap Butt Joints
"Pl/ates, I "Rivets
A B C V E G
Rivet Pattern
Fig. 26. Efficiencies of Joints in Percent as Determined by Tests and by Design Rules:
U. S. Navy Tests
Types F and G specimens had strap plates which were longer on one
side than on the other. This would cause a slight bending at the outer
row of rivets. However, a comparison of the efficiencies of the joints as
determined by test indicates that this bending had little or no effect on
the efficiency. Types D and E specimens, in which alternate rivets were
omitted from the outer row, had a slightly lower efficiency by test than
the corresponding Types B and C specimens, in which no rivets were
omitted from the outer row. This finding is contrary to what might be
expected from the design rules. However, the F and G specimens, which
had the same type of rivet pattern as the D and E specimens except
that one butt strap was longer than the other, were as efficient as the
B and C specimens.
-" A B C D E
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(c) Efficiency by Tests and by Design Rules. The efficiencies as
determined by tests and by design rules for the various rivet patterns are
shown in Fig. 26. In general, there is some scatter between the values
given by the two rules and the results obtained from the tests. The effi-
ciency as obtained from the tests, however, is either greater than that
given by the two rules or lies between them for all rivet patterns. For
types A, B, C, F, and G specimens the values by test exceed the two com-
puted values. For the type D and E specimens the values obtained from
the AREA rule are somewhat above the other two values; for the D, E, F,
and G specimens the values obtained by using the Wilson rule are the
lowest.
15. University of Illinois Tests, 1930 Series *
Tests of three types of large riveted joints connecting wide plates
were reported in University of Illinois Engineering Experiment Station
Bulletin 239. These joints were (1) quadruple-riveted, double-strap, butt
joints, designated as AB; (2) triple-riveted, double-strap, butt joints,
designated as BB; and (3) quadruple-riveted lap joints, designated
as AL.
(a) Description of Specimens. The details of the three types of
specimens are shown in Fig. 27. These specimens were all 72 in. wide and
had main plate thicknesses of % in., 17 in., 1/2 in. respectively. The
rivets were 7/s in. in diameter for Specimens AB and 3/4 in. in diameter for
Specimens BB and AL. For all specimens the nominal diameter of the
holes was Y in. greater than the diameter of the rivets.
Tests were made of coupons cut from each of the main plates, and
the physical properties determined therefrom indicated that the material
of the joints was a good grade of carbon structural steel. The values of
the ultimate strength of the plates for the three types of specimens are
given in column 6, Table 13.
(b) Results of Tests. A summary of the results of the tests is given
in Table 13. The values of the efficiency by test and by the two design
rules agreed fairly well (Fig. 28) for all three types of specimens.
The efficiency of the lap joints reported is slightly lower than that
obtained from the butt joints. However, it must be borne in mind that
the lap-joint specimens failed in the rivets, although the plate appeared
to be near failure when the rivets failed. For that reason the results have
been included in this comparison, even though the ultimate load reported
is known to be slightly less than the true breaking load of the plates.
* "Tests of Joints in Wide Plates," by W. M. Wilson, J. Mather, and C. 0. Harris.
Bulletin 239, Engineering Experiment Station, University of Illinois. 1931.
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(c) Efficiency by Tests and by Design Rules. The efficiencies as
determined by tests and by the design rules are given in Fig. 28. The
values obtained by both design rules agreed fairly well with the corres-
ponding values obtained from the tests. This is true for all three types of
specimens used in this series. The percentage variation in the strength
by test from the strength by rules appears to be less for these large
joints than for many of the smaller joints reported in the other programs.
In no case, however, was the value of the efficiency determined by these
tests appreciably less than the corresponding values determined by the
design rules.
Type BB
Type BE
Fig. 29. Specimens Tested by C. 0. Harris,
University of Illinois
16. Tests by C. 0. Harris
Four large riveted joints were tested by C. 0. Harris in 1932 as a part
of his graduate work at the University of Illinois.* This program in-
cluded tests of two specimens each of two different rivet patterns.
(a) Description of Specimens. The details of the specimens are shown
in Fig. 29. The plates for these specimens were 5/ in. thick and were
connected with 7/s-in. rivets, the rivet holes being la in. in diameter.
* "Effective Net Section of a Riveted Joint," by C. 0. Harris. Presented as a Master's
thesis (1932) in partial fulfillment of the requirements for the degree of Master of Science,
University of Illinois.
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Fig. 30. Efficiencies of Joints in Percent as Determined
by Tests and by Design Rules: Tests by C. 0. Harris
Coupon tests of the plate from which these riveted joints were made
indicated that it was a medium grade of carbon structural steel. The
strength of these coupons is given in column 6, Table 14.
(b) Results of Tests. A summary of the results of the tests is given
in Table 14. This table presents, for each rivet pattern, values of the
coupon strength of the plate, the ultimate load on the specimen, the
effective net area as determined by test and by the two design rules, and
the efficiency of the joints by test. The efficiencies, by test, of the two
types of rivet pattern were almost identical.
(c) Efficiency by Tests and by Design Rules. The values of the effi-
ciency for each of the two specimens are shown by the diagrams of Fig.
30. For the type BE specimen the values given by the design rules and
by the test agree fairly well. For the type BB specimen, however, the
value of the efficiency as determined by test was much greater than the
values determined by the two design rules. The AREA rule gives a
value that is much too small for the BB specimens and a value that is
somewhat too high for the BE specimens. The Wilson rule gives a value
for the BB specimens that is somewhat too small, and a value for the BE
specimens that is very slightly too small.
17. University of California Tests*
The University of California tests of large riveted joints constitute
one of the most extensive series of tests of that type ever conducted.
These tests, begun in 1934, were made in connection with the design and
construction of the San Francisco-Oakland Bay Bridge. One of the main
* "Tension Tests of Large Riveted Joints," by Raymond E. Davis, Glenn B. Woodruff,
and Harmer E. Davis. Transactions ASCE, Vol. 105, p. 1193. 1940.
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objectives of the program was to determine the effective net area of
riveted joints connecting plates. It was also planned to obtain informa-
tion on the relative merits of butt and shingle types of riveted-joint
splices connecting plates.
(a) Description of Specimens. A total of forty pairs of riveted joints
were tested. They included lap, butt, and shingle types of joints. Some
were designed for failure in the plate, others were designed for failure
in the rivets. Specimens of both carbon steel and silicon steel plates
were included. The details of those specimens which are of the type being
considered in this study are shown in Fig. 31. They include lap and
butt types of joints for which failure occurred in the plates. The rivets
in these specimens were either 7s in. or 1 in. in diameter, and the holes
were sub-punched and reamed to a diameter -, in. larger than the rivets.
(b) Results of Tests. A summary of the results of the University of
California tests suitable for use in this study is given in Table 15. As
for each of the other investigations reported herein, this summary pre-
sents values of the coupon strength, ultimate load, effective net area, and
efficiency of joint as determined by test. The efficiencies as recorded for
this investigation appear to be somewhat below those obtained in most of
the other programs.
Several of the conclusions presented by the authors of the original
paper describing the University of California tests are worthy of note.
In referring to the effective net area of the specimens the authors say,
"The use of fewer rivets in the end rows than in interior rows is ineffective.
.. Wide spacing of the end-row of rivets (near the edges of the plate)
is especially undesirable." With reference to the design formulas used
for riveted joints, the authors state: "It is apparent that there is nothing
to be gained by using an elaborate formula to evaluate the effect of the
pitch on net section for joints of this type." These conclusions are in
general agreement with the results obtained by other investigators as set
forth in the present bulletin.
(c) Efficiency by Tests and by Design Rules. For the various rivet
patterns tested by Davis, Woodruff, and Davis the efficiencies as deter-
mined by tests and by the design rules are given in Fig. 32. In general,
the strength of the specimens by test is somewhat lower than the values
obtained from either design rule. Generally, for these lap and butt joints,
the values of the efficiency given by the Wilson rule lie intermediate be-
tween the values by the AREA rule and the values by test. For Speci-
mens CCC5 and DCC5, however, the values by the two rules and by test
are in relatively good agreement.
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V. DISCUSSION OF RESULTS
The previous chapters include a description of the specimens, the
results of the tests, and a discussion of the effective net areas and effi-
ciencies of the specimens as computed by the AREA and by the Wilson
design rules, for 97 riveted structural joints connecting plates made of
carbon steel complying approximately with the ASTM A7 Specifications.
The tests were made at temperatures ranging from approximately -20
deg to +120 deg. (One specimen was tested at +410 deg.) These tests
have been made over a period of more than fifty years, in a number
of laboratories, and by many investigators. The specimens had values of
net area varying from approximately 4 sq in. to 40 sq in., in ultimate
strengths ranging from 248,200 lb to 2,660,000 lb.
18. Correlation of Effective Net Areas as Determined by Test and by Design
Rules
The correlation between the effective net areas determined by tests,
on the one hand, and by the AREA design rule and the Wilson design
rule, on the other, is shown by Fig. 33.
If the tests and the design rules were in complete accord, the points
representing the results of all tests would lie on the 45-deg line for both
diagrams. However, almost all points fall between two diverging lines in
such a manner that, for a point lying on either diverging line, the effective
net area by the design rule would vary by 13 percent from the effective
net area by test. Any point lying between the two diverging lines repre-
sents a specimen for which the effective net area by test differs by less
than 13 percent from the effective net area by the design rule. In Fig. 33
nearly all points lie within the diverging lines-a fact which indicates
that, for almost all tests reported, the value of the effective net area by
the design rules differed from the effective net area by test by less than
13 percent. However, the scatter of the points in Fig. 33 indicates that,
for many tests, the effective net area by a design rule differed appreci-
ably from the effective net area by test. The scatter is slightly greater for
the values of the effective net area by the AREA rule (Fig. 33a) than
for the values of the effective net area by the Wilson rule (Fig. 33b),
but the difference is not significant.
EFFICIENCY OF RIVETED JOINTS CONNECTING PLATES
r3
~ ~ -
_ _
FT' --- F IV
N. N N. N.
K- Th -~l
-,wihsý 11 "-u h7 lv9-IVvt,9
ILLINOIS ENGINEERING EXPERIMENT STATION
19. Relation of Transverse Distance Between Rivets in Outer Row to Effi-
ciency of Joint
A comparison of the transverse distance between rivets in the outer
row and the efficiency of the joint by test, for the University of Illinois
1948 Series, is shown in Fig. 34a. The temperature at which each test was
made is indicated on the figure.
Figure 34b is similar to Fig. 34a except that it includes only tests
at room temperature and the tests referred to in Chapter IV as well as
those of the University of Illinois 1948 Series. Figure 34c is similar to
Fig. 34b except that it includes tests at high temperature as well as those
at room temperature, and Fig. 34d likewise is similar to Fig. 34b except
that it includes tests at low temperature as well as tests at room tempera-
ture and tests at high temperature.
In Figs. 34b, 34c, and 34d the abscissas represent the transverse
distance between the rivets in the outer row.
A continuous horizontal line and a broken horizontal line have been
drawn on each diagram. The continuous line corresponds to an efficiency
of 80 percent. In all diagrams the full line is believed to be a fair
representation of the average efficiency for all tests reported in the figure
for which the transverse distance between rivets is 41/ in. or more. The
fact that this average line is horizontal is evidence that, for the speci-
mens tested, increasing the transverse distance between the rivets in
the outer row to more than 41/2 in. had practically no consistent effect
on the efficiency of the joint. The large number of points below the solid
line indicates that, while the average efficiency for all tests reported
was about 80 percent, in several tests the efficiency was considerably
less than 80 percent. In some of these the transverse rivet spacing was
large.
In relatively few specimens tested was the efficiency less than 75
percent.
If the working stress to be used in the design of riveted joints is to
be based on the average value of the efficiency for a group of tests, it
would seem that it should be based upon an efficiency of 80 percent. But
if the working stress is to be based on an efficiency as low, or nearly as
low, as is likely ever to be encountered, then it should be based on a
value somewhat lower than 80 percent. In the latter case, 75 percent
is suggested * for all specimens with a transverse distance between rivets
of 4½ in. or more.
There is some evidence indicating that decreasing the transverse dis-
tance between rivets below 4½ in. is accompanied by a decrease in the
efficiency of the joint.
* By Davis, Woodruff, and Davis. Transactions ASCE, Vol. 105, p. 1243.
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A common conception relative to the strength of plates connected
with a riveted joint is that the strength is a direct function of the net
area of a transverse section through the outer row of rivets connecting
the plates. The results of the tests described in this bulletin show that
this is not ordinarily true. Instead, the unit strength based on the net
area of the transverse section through the rivet holes is generally some-
what less than the coupon strength of the steel for widely spaced rivets
and is generally somewhat more than the coupon strength for closely
spaced rivets. The fact that the unit strength of the plate between the
rivet holes is affected by the transverse distance between the rivets is
believed to be accounted for by the following considerations.
The distribution of the longitudinal stress on a transverse section
through the rivet holes is not uniform but is greater adjacent to the
edges of the rivet holes than on the part of the plate midway between
adjacent holes. This being true, the unit stress adjacent to a hole is
greater than the total load divided by the original net area of the section
of the plate, and failure on the section through the holes may be expected
to occur at a load less than the product of the two quantities: (1) coupon
strength of the steel and (2) the area of the original net section. Tests of
plates connected with widely spaced rivets show that this is true. More-
over, the greater the transverse distance between rivets the smaller the
average unit strength of the plates based on the original net area of that
part of the plate between the adjacent rivet holes.
As also stated above, the average unit strength of steel plates con-
nected by a transverse row of closely spaced rivets has been found to be
more than the coupon strength of the steel. It remains to explain why
this is true.
With closely spaced rivets, the stress on the transverse section through
the centers of the holes is resisted by the short narrow strips between ad-
jacent rivet holes. These strips are so short and are of such a shape that
the percentage reduction in area of the section at maximum load is much
less on these strips than the corresponding reduction in area of a standard
tensile coupon specimen. For this reason the ultimate unit stress based
on the unloaded net section might be expected to be somewhat greater
for the plate with closely spaced holes than for standard coupon speci-
mens. Tests support this expectation.
The statements in the preceding paragraphs may be summarized as
follows:
1. Because of the somewhat severe tearing action of widely spaced
rivets the average unit strength of plates connected with widely-spaced
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rivets, based on the unloaded net section of the plate, is less than the
coupon strength of the plate material.
2. Because of the small reduction in the section of that part of a
plate between closely spaced rivet holes (small relative to the reduction
in the section of standard coupon specimens) the average unit strength
of plates connected with closely-spaced rivets, based on the unloaded net
section of the plate, is greater than the coupon strength of the plate ma-
terial. That is, although plates connected with a riveted joint have a
greater original net section if the rivets are widely spaced than if they
are closely spaced, this greater net section is partly, wholly, or more than
offset by the fact that the unit strength of the plate based on the original
net section is less for a joint with widely spaced rivets than it is for a
similar joint with closely spaced rivets.
Tests have shown that, of two geometrically identical specimens
fabricated from plates cut from the same parent plate and connected
with riveted joints with the same rivet pattern, the strength of one may
be as much as 10 percent greater than the strength of the other. That is,
the efficiency of a rivet joint cannot be accurately computed, even though
the rivet pattern and the coupon strength of the plate are both known.
In view of the foregoing discussion and of the results of tests reported
herewith, it is recommended that riveted joints connecting steel plates
be designed to comply with the following limitations.
The efficiency of a riveted joint connecting plates should not be taken
S-dgreater than S , nor greater than 0.75. In this expression, S is the
transverse distance between the rivets in inches, and d is the nominal
diameter of the rivets plus 1/s in.
VI. SUMMARY OF RESULTS AND CONCLUSIONS
20. Summary of Results
The tests reported herein may be summarized as follows.
A. University of Illinois Tests (1948)
1. In general, specimens tested at temperatures below zero broke
with a fracture that was predominantly of a cleavage type; specimens
that were tested at temperatures of the order of +120 deg broke with
a fracture that was predominantly of a shear type; and specimens that
were tested at room temperature generally broke with a fracture that
was partly of a shear type and partly of a cleavage type.
2. For the double-strap butt joints connecting 3/4-in. rimmed-steel
plates an increase in the temperature of the plates when tested was ac-
companied by a slight decrease in the efficiency of the joints.
3. Except for the specimens with type F rivet pattern (see Fig. Ib)
the efficiency of the double-strap butt joints connecting 1 2 -in, semi-
killed steel plates was of the order of 10 percent greater for tests at -20
deg than at +120 deg.
4. The lap joints tested at approximately -20 deg were slightly
stronger than the corresponding double-strap butt joints tested at the
same temperature, but the difference is not significant. This is true for
the three rivet patterns common to the two types of joints.
5. The tests emphasize that the effective net area by test cannot be
predicted accurately and that the ultimate strength is not necessarily a
direct function of the transverse distance between rivets in the outer
row nor of the net area of the section on which fracture occurs.
B. Watertown Arsenal Tests
In general, for the Watertown Arsenal Tests, the effective net areas
as determined by the tests and by the two design rules agree quite closely.
C. U. S. Navy Tests
In general, for the U. S. Navy Tests, there is a scatter between the
values of the efficiency by the two design rules and the values obtained
from the tests.
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D. University of Illinois Tests (1930)
In no case, for the University of Illinois 1930 tests, was the value of
the efficiency by test appreciably smaller than the corresponding value
determined by the two design rules.
E. Tests by C. 0. Harris
Of the two types of specimens tested by Harris, the values of effi-
ciency by test and by the design rules agreed fairly well for one type
but differed greatly for the other type of specimen.
F. University of California Tests
In general, for the University of California Tests, the strength of the
specimens by test was somewhat lower than the values obtained from
either of the design rules.
G. All Riveted Joint Tests Presented in This Bulletin
With very few exceptions, the values of the effective net area by test
did not differ from the effective net area by the two design rules by more
than 13 percent.
21. Conclusions
The tests described in this bulletin have led to the following con-
clusions for riveted structural joints connecting A7 steel plates subjected
to static loads.
1. There is no assurance that increasing the transverse distance be-
tween the rivets in the outer row to more than 41/2 in. will increase the
efficiency of the joint.
2. A study of a large number of riveted joints designed in accordance
with current practices and having rivet patterns believed to give high
efficiencies has revealed that the actual efficiencies by test will usually
lie between 75 and 85 percent, although there have been a few specimens
for which the efficiency exceeded 85 and a few for which it fell below
75 percent.
It still remains to be demonstrated that, by conscious selection of
rivet pattern, a designer can be sure of an efficiency greater than 75
percent.
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